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In the title compound, C 31 H27N30 2 , the two piperidine rings 
fused to each other each adopt a slightly distorted chair 
conformation. The phenyl rings on the N-unsubstituted 
piperidine ring occupy an equatorial position, while those on 
the TV-nitroso-substituted piperidine ring are in axial positions. 
The NO group is approximately coplanar with the piperidine 
ring with a maximum deviation of 0.048 (4) A. The dihedral 
angles between the mean planes of the axially and equatorially 
oriented phenyl rings are 27.7 (1) and 31.9 (1)°, respectively. 
Molecular packing is stabilized by weak intermolecular C— 
H- ■ O and C— H- ■ -it interactions. 

Related literature 

For piperidine ring conformations, see: Hofer (1976); Rama- 
lingam et al. (1979); Mulekar & Berlin (1989); Pandiarajan et 
al. (1991); Rogers & Woodbrey (1962). For related structures, 
see: Hemalatha & Nagarajan (2010); Sampath et al. (2005). For 
puckering parameters, see: Cremer & Pople (1975). For the 
synthesis of the title compound, see: Noller & Baliah (1948). 




Monoclinic, P2 l /c 
a = 18.723 (4) A 
b = 8.8319 (17) A 
c = 15.806 (3) A 
P = 104.728 (3)° 
V = 2527.8 (8) A 3 

Data collection 

Bruker SMART APEX CCD 

diffractometer 
19483 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )] = 0.081 

W R(F 2 ) = 0.187 

5 = 1.06 

5385 reflections 



Mo Ka radiation 
ii = 0.08 mm~' 
T = 293 K 

0.26 x 0.23 x 0.21 mm 



5385 independent reflections 
3235 reflections with / > 2cr(/) 
R in . = 0.056 



334 parameters 

H-atom parameters constrained 
A/w = 0.32 e A~ 3 
Ap mi „ = -0.29 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl is the centroid of the C31-C36 benzene ring. 
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Experimental 

Crystal data 
C 31 H 27 N 3 0 2 



M r = 473.56 



Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: PLATON (Spek, 2009). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: JJ2089). 
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Comment 

The piperidine ring system offers a wide variety of conformational flexibility such as chair, boat and twisted boat conform- 
ations (Hofer, 1976). However, both the chair and slightly distorted chair conformations are found to be the most favored 
(Ramalingam et al, 1979; Mulekar & Berlin, 1989). N-nitroso piperidine compounds have been shown to occupy both 
axial and equatorial positions with the mean plane of the N — NO2 group being coplanar to the mean plane of the piperidine 
ring (Hemalatha & Nagarajan, 2010; Sampath et al, 2005). The phenyl rings tend to occupy equatorial positions when the 
N — NO2 group orients itself perpendicular to the piperidine ring to avoid steric hindrance. 71-electron derealization on the 
N — N — O group, which restricts the free rotation of N — N bond, results in orientations that are planar (syn; Pandiarajan et 
al, 1991) or perpendicular (anti; Rogers & Woodbrey, 1962) with respect to the piperidine ring. In 2,6-diphenyl-3-methyl- 
A r -nitrosopiperidin- 4-one (Hemalatha & Nagarajan, 2010) the nitroso group shows both syn and anti conformations while 
the piperidine ring displays a boat conformation which may influence the phenyl rings to occupy axial and equitorial pos- 
itions with respect to the piperidine ring. 

In the title compound both piperidine rings adopt a slightly distorted chair conformation (Cremer & Pople, 1975) with 
puckering parameters parameters Q, 9 and 9 of 0.538 (3) A, 18.0 (3)°, 142.8 (1)° [N-substituted piperidine ring (N1/C2/C8/ 
C9/C7/C6)] and 0.657 (2) A, 173.2 (3)° and 51.0 (2)° [N-free piperidine ring (N4/C5/C7/C9/C8/C3)], respectively (Fig. 1). 
For an ideal chair 8 has a value of 0 or 180°. In the N-substituted piperidine ring (N1/C2/C8/C9/C7/C6) the N atom displays 

sp hybridization, as evidenced by sum of angles around the Nl atom being nearly equal to 360° [C2/N1/C6 = 122.0 (2)°, 
C2/N1/N2 = 123.2 (3)° and C6/N1/N2 = 114.8 (3)°]}. 

Phenyl rings C13-C18 and C19-C24 are substituted axially in the N — NO2 piperidine ring. Torsion angles for phenyl 
ring C13-C18 {C6/N1/C2/C13 = 79.7 (3)°; C9/C8/C2/C13 = -69.2 (3)°} and for phenyl ring C19-C24 [C2/N1/C6/C19 = 
-88.8 (3)°; C9/C7/C6/C19 = 84. 1 (3)°}] support this observation. The dihedral angle between these phenyl rings is 27.7 (1)°. 
Phenyl rings C25-C30 and C3 1-C36 are oriented equatorially to the piperidine ring. Torsion angles forphenyl ring C25-C30 
[C3/N4/C5/C25 = 172.9 (2)°, C9/C7/C5/C25 = -171.7 (2)°] and C31-C36 [C9/C8/C3/C3 1 = 178.8 (2)°, C5/N4/C3/C31 
= -176.2 (2)°] support this observation. The dihedral angle between these phenyl rings is 31.9 (1)°. Molecular packing is 
stabilized by weak C — H O intra and intermolecular interactions and weak C — H— jt intermolecular interactions (Table 
1, Fig. 2). 

Experimental 

Noller & Baliah (1948) developed a novel method to synthesize piperidin-4-one derivatives by the Mannich condensation 
reaction using respective aldehydes and ketones with ammonium acetate in the ratio of [2: 1:1], respectively. The title com- 
pound was synthesized using benzaldehyde (0.2 M), acetone (0.1) and ammonium acetate (0. \M) added to pure ethanol and 
heated on a hot plate up to the boiling range. The resulting product of diazabicyclic[3.3.1]nonan-9-one was separated out 
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and treated with an equimolar (1:1) quantity of NaNO2/HCl/80% ethanol and kept at 80° C for 4 h with vigorous stirring. 
The resuling title compound was separated out and crystals were grown using acetonitrile as the solvent. 

Refinement 

H atoms were positioned geometrically and refined using a riding model with C — H = 0.93 A for aromatic H, 0.97 A for 
methylene, 0.96 A for methyl H atoms and N — H = 0.86 A. The U[ so parameters for H atoms were constraned to be 1.5C/ e q 
of the carrier atom for the methyl H atoms and 1.2C/ e q of the carrier atom for the remaining H atoms. 

Figures 



Fig. 1. ORTEP diagram of the title molecule with the atom numbering scheme. Displacement 
ellipsoid are drawn at 30% probability level. H atoms were removed for clarity. 




Fig. 2. Packing diagram of the title compound viewed down the b axis. Dashed lines indicate 
weak C — H - 0 intra and intermolecular interactions. 



3-Nitroso-2,4,6,8-tetraphenyl-3,7-diazabiq'clo[3.3.1]nonan-9-one 



Crystal data 




C 3 iH 27 N 3 0 2 


7^(000) = 1000 


M,- = 473.56 


D x = 1.244 MgirT 3 


Monoclinic, P2\lc 


Mo Ka radiation, X = 0.71073 A 


Hall symbol: -P 2ybc 


Cell parameters from 19483 reflections 


<a = 18.723 (4) A 


6 = 2.3-27.7° 


6 = 8.8319 (17) A 


H = 0.08 mnT 1 


c= 15.806 (3) A 


7=293 K 


(3= 104.728 (3)° 


Block, yellow 


V= 2527.8 (8) A 3 


0.26 x 0.23 x 0.21 mm 


Z=4 





Data collection 

Bruker SMART APEX CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co scans 




3235 reflections with I > 20(7) 
R int = 0.056 

©max ~~ 27.7 , ©mm ~~ 2.3 

/i = -23->21 
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19483 measured reflections 
5385 independent reflections 



Ar = -ll->10 
/= -20^20 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.081 
wR(F 2 ) = 0.187 
S= 1.06 

5385 reflections 
334 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = l/[o 2 (F 0 2 ) + (0.0715P) 2 + 0.6524P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Apmax = 0.32 e A~ 3 
Ap min = -0.29eA- 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > a(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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0.30 
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Atomic displacement parameters (A 2 ) 
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A A/CT C /I T\ 

0.0625 (13) 


AAA10/1C* 

0.0918 (15) 


0.0167 (12) 


A A A 1 C / 1 T\ 

0.0435 (12) 


A AAT C /"1 1 \ 

-0.0036 (11) 


02 


0.084 (2) 


A 1 AT f1\ 

0.102 (3) 


A A "71 /T\ 

0.0 15 (2) 


a An a / 1 n\ 

0.0220 (iy) 


A AT C /T\ 

0.035 (2) 


A AAO /T\ 

-0.008 (2) 


03 


a a*7 1 //;\ 

0.071 (6) 


A AAO /T\ 

0.098 (7) 


A 1 A A /T\ 

0.104 (7) 


0.057 (5) 


A A 1 A /C\ 

0.010 (5) 


A AT/: /'C^ 

-0.026 (5) 


M 1 

JN 1 


A A /l "7 A / 1 T\ 

0.0479 (13) 


A A/1/1/1 1\ 

0.0444 (13) 


A A/C C/C / 1 C\ 

0.0656 (15) 


A AAT C / 1 1 \ 

0.0035 (11) 


AA1/1T /11\ 

0.0142 (11) 


AA1/1T/11\ 

-0.0147 (11) 


MT 

N2 


a azi 1 
0.061 (2) 


A AOA /1\ 

0.080 (2) 


A no /T \ 

0.138 (3) 


0.0025 (1 /) 


A A A T 

0.043 (2) 


A A A £ /'"^ 

-0.046 (2) 


N4 


A A C O C / 1 /1^ 

0.0585 (14) 


A AC T *7 /I 1\ 

0.053 / (13) 


0.04v8 (13) 


A AAT7 / 1 1 \ 

0.002 / (11) 


A A 1 ZZA /I 1 \ 

0.0160 (11) 


A AA 10/1 A\ 

0.0018 (10) 


r^T 

C2 


0.0512 (16) 


A A /I T A / 1 C\ 

0.0430 (15) 


A A C /C O / 1 

0.0568 (16) 


A A A A 1 f 1 ^\ 

0.0047 (12) 


A AA/C C / 1 

0.0065 (12) 


A AAT T / 1 

-0.0032 (12) 


C3 


f\ r\r 1 a / 1 A\ 

0.0674 (19) 


A A/1AO / 1 C\ 

0.0408 (15) 


A A C /I A / 1 ^\ 

0.0549 (17) 


A AA 00 /n\ 

-0.0088 (13) 


A A1 CO /1 /1\ 

0.0158 (14) 


A A A OA /I T\ 

-0.0089 (12) 


C5 


A A/CylA / 1 0\ 

0.0640 (18) 


A C\AC\ A ( ~\ A \ 

0.0404 (14) 


A A C A A / 1 *7^ 

o.o5yy (i /) 


A AAAT /I T\ 

0.0002 (13) 


A A 1 *7A / 1 /I \ 

0.01 /0 (14) 


A AAT A f 1 

-0.0034 (13) 


C6 


0.0507 (16) 


0.0524 (16) 


a a a m / 1 c\ 

0.0493 (15) 


A AAA/' ( 1 1 \ 

-0.0006 (13) 


A A 1 CT ( 1 T\ 

0.0153 (12) 


-0.0047 (12) 


C7 


A ACT> / 1 T\ 

0.0532 (17) 


A A /I *7 O / 1 /C\ 

0.0478 (16) 


A A/C A"7 / 1 1\ 

0.0607 (17) 


A A1A"7 /l 1\ 

0.0107 (13) 


A A 1 /I 1 /1 

0.0141 (13) 


A AAA*7 i'I 1\ 

0.0007 (13) 


r^o 

C8 


0.0606 (17) 


A A/1 A A f\ Z\ 

0.0444 (15) 


0.0523 (16) 


A A A n / 1 i \ 

0.0012 (13) 


A A 1 A 1 /11~\ 

0.0191 (13) 


A AACT /n\ 

-0.0053 (12) 


C9 


0.0620 (18) 


A AT TT /1 A \ 

0.0377 (14) 


A A*7AA ( 1 A\ 

0.0 /oy (iy) 


A AA IO /I 1\ 

-0.0018 (13) 


A AT7/I / 1 C\ 

0.02 /6 (15) 


A AAO A { 1 T\ 

-0.0084 (13) 


C13 


A A C T T / 1 0\ 

0.0533 (Is) 


0.0453 (16) 


A A/CA*7 / 1 A^ 

0.0697 (19) 


A AAAA /1 1\ 

0.0009 (13) 


A AA CA / 1 C^ 

0.0050 (15) 


A AA/C *7 1 /I \ 

0.0067 (14) 


C14 


(1 /t~\ 

0.075 (2) 


A A/CO /T~\ 

0.068 (2) 


A 1 AO n\ 

0.108 (3) 


-0.01 19 (18) 


A AT O t"\\ 

0.038 (2) 


A AAT C / 1 A\ 

0.0035 (19) 


C15 


A A0 T n\ 

0.087 (3) 


A 1 AT /T\ 

0.107 (3) 


A 1 An i A\ 

0.147 (4) 


A A 1 A /I \ 

0.0 1 9 (3) 


A ACT t"l\ 

0.053 (3) 


A A 1 "\ 

0.012 (3) 


1 /; 

C16 


A A*7 /I /T ~\ 

0.074 (3) 


A AAT 

0.093 (3) 


0.162 (5) 


A AO O 

-0.028 (2) 


A A 1 *7 /T ^ 

0.01 / (3) 


A AT 1 
0.031 (3) 


/in 

C17 


a a*7a /^^ 

0.079 (3) 


A AC/C /Tt 

0.056 (2) 


a 1 n //i \ 

0.132 (4) 


A AT> /T\ 

-0.022 (2) 


A A 1 T /'>\ 

-0.012 (2) 


A AAA /'"^ 

0.009 (2) 


C18 


A A TT /T\ 

0.073 (2) 


A A/1 AT /1 0\ 

0.0497 (18) 


A AOA 

0.089 (2) 


A AAT C / 1 £i\ 

-0.0035 (16) 


A AAA 1 /I *7\ 

0.0001 (17) 


A AAT 1 /1 C\ 

0.0031 (16) 


/II A 

ci9 


A A A ZZA / 1 

0.046V (16) 


A A/C A 1 /I H\ 

0.0601 (1 /) 


A A C /I / 1 

0.0524 (16) 


A AA A 1 / I 1\ 

-0.004 / (13) 


A AA/C7 /I 1\ 

0.0067 (13) 


A AAA*7 /1 A \ 

o.ooy / (14) 
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A A C A 1 ( 1 A\ 

0.0501 (19) 


A 1 AT /T\ 
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A A AT 1 i'I 0\ 

0.0021 (18) 
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0.0086 (16) 


A AA A 

0.004 (2) 


/~^t 1 
C21 


A ACT 

0.053 (2) 


A 1 /I O / A \ 

0.148 (4) 


A 1 A 1 \ 

0.101 (3) 


A AAC /'"^ 

-0.005 (2) 


a AAzz 

0.006 (2) 


A ATT /T\ 

0.023 (3) 


C22 


A AT /I /T \ 

0.074 (3) 


a 1 m //i\ 

0.123 (4) 


A 1 at n\ 

0.102 (3) 


A A/1 1 /"J\ 

-0.043 (3) 


A A 1 1 /T\ 

-0.013 (2) 


A AT A /T\ 

0.024 (3) 


C23 


A A O £ /T ^ 

0.086 (3) 


A AOA /T\ 

0.08V (3) 


A AOT /1\ 

0.083 (2) 


A AT T 

-0.032 (2) 


A AAA 

0.000 (2) 


A AAC 

-0.005 (2) 


/—it /i 
C24 


0.076 (2) 


0.069 (2) 


A A/C1C / 1 A\ 

0.0625 (19) 


A mA7 / 1 T\ 

-0.0207 (17) 


0.0114 (16) 


A AA/CA / 1 

-0.0060 (16) 


/— IT c 

C25 


A AC CO / 1 1\ 

0.055s (17) 


A A A AA / 1 /I \ 

0.0409 (14) 


A AC A1 1 1 /C~\ 

0.0543 (16) 


a aa/; 1 m\ 
-0.0061 (13) 


A AAAO f 1 l Y\ 

0.0098 (13) 


A AAAA /I T\ 

0.0000 (12) 


C26 


A A T 1 /T~\ 

0.071 (2) 


A ACAT /1 T\ 

0.0507 (17) 


0.073 (2) 


A AAC O /1 C\ 

0.0058 (15) 


A ATT 1 /1 C\ 

0.0221 (16) 


A AAT ti f \ Z\ 

0.0036 (15) 


C27 


A AO/C /T\ 

O.Oso (2) 


A AC T C / 1 o~\ 

0.0535 (Is) 


A ATI ("\\ 

0.072 (2) 


A AA/C O / 1 "7^ 

0.006s (1 /) 


AA1A1 A Ol 

0.0191 (Is) 


A A1/CA /T/C\ 
0.0160 (16) 


C28 


0.081 (2) 


0.0608 (19) 


0.0581 (18) 


-0.0090 (17) 


0.0204 (16) 


0.0047 (15) 


C29 


0.0651 (19) 


0.0565 (18) 


0.0562 (18) 


-0.0012 (15) 


0.0130(14) 


-0.0037 (14) 


C30 


0.0600 (18) 


0.0480 (16) 


0.0574 (17) 


0.0004 (14) 


0.0087 (14) 


-0.0002 (13) 


C31 


0.0575 (18) 


0.0530 (16) 


0.0503 (16) 


-0.0200 (14) 


0.0089 (13) 


-0.0020 (13) 


C32 


0.075 (2) 


0.079 (2) 


0.0576 (19) 


-0.0224 (18) 


0.0117(17) 


-0.0106(16) 


C33 


0.080 (3) 


0.113 (3) 


0.056 (2) 


-0.040 (2) 


-0.0030 (19) 


0.004 (2) 


C34 


0.064 (2) 


0.096 (3) 


0.082 (3) 


-0.028 (2) 


-0.0077 (19) 


0.020 (2) 


C35 


0.061 (2) 


0.078 (2) 


0.088 (3) 


-0.0081 (17) 


0.0083 (18) 


0.0080 (19) 


C36 


0.0650(19) 


0.068 (2) 


0.0611 (18) 


-0.0108 (17) 


0.0129 (16) 


-0.0003 (16) 



Geometric parameters (A, °) 

01— C9 

02— N2 

02— 03 

03— N2 
Nl— N2 



1.198 (3) 
1.106 (4) 
1.471 (10) 
0.912(7) 
1.310(4) 



C17— H17 
C18— H18 
CI 9— C20 
CI 9— C24 
C20— C21 



0.9300 
0.9300 
1.370 (4) 
1.380 (4) 
1.383 (5) 
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\ti p/: 
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JN4 — Cj 
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C3 — Co 
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u.youu 
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1.3 1U (4) 
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/ • / p-7 
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p/ IT/ 

Co — Ho 
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1 /i no (a \ 
1.4^0 (4) 


C/ — rl / 


pi QQpipi 
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po pn 
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1 cnc //ia 
I.jUj (4) 


po | io 

Co — Ho 


u.youu 


^11 P 1 A 

CI 3 — C14 


1.3 /o (4) 


CI 3 — Clo 


1 ion 

i.3yu (4 ) 


pi 1 /) pic 

C14 — CI D 


1 inc. ( z\ 
1.3 /0 (3) 


V 1 1 — 1 1 14 


U.7JUU 


C15 — C16 


1.357 (6) 


C15 — H15 


0.9300 


C16 — C17 


1.365 (6) 


C16 — H16 


0.9300 


C17 — C18 


1.370 (5) 


\n p,i p,o 

JN2 — U3 — U2 


4o.o (3) 


"\TO Ml PO 

JN2 — JN 1 — C2 


1 l3.y (3) 


"\TO "\T1 P/i 

JN2 — JN 1 — Co 


m i pj \ 
1ZZ.1 (3) 


po \t i p/; 
C2 — JN 1 — Co 


IZZ.U (2) 


P*l "\TO P.O 

U3 — JN2 — U2 


93.1 (7) 


p.i \n \t i 
U3 — JN2 — JN 1 


145.5 (9) 


P.O TvTO "\T1 

U2 — JN2 — JN 1 


121.4 (5) 


pc TvT/1 PI 

— JN4 — CJ 


11 j. U (2) 
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12J.5 
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CI 3— C2— H2 


107.0 


C8— C2— H2 
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N4— C3— C31 


112.5 (2) 


N4— C3— C8 


110.2 (2) 


C31— C3— C8 


112.3 (2) 
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1 in 1 
liU.i 


PT7 PTO P^)f» 

C2 / — C2S — ciy 


i in i <"3\ 
liU.i (i) 


PT7 pto mo 
Ci / — CiS — His 


1 in n 

liu.u 


pon pto mo 
Ciy — CiS — His 


1 in n 
liU.U 


pto p'xi pm 
Cia — Ciy — C5U 


i in i ii\ 
liU.i (i) 


PTQ POO tT7Q 

cis — ciy — Hiy 


1 in n 
liU.U 


poa nn mn 

C3U — ciy — Hiy 


1 in n 
liU.U 


pnc pin nn 

cij — C3u — ciy 


1 in a ti\ 
liU.4 (i ) 


ptc pm um 
Ci5 — C5U — HiU 


lino 

iiy.s 


p^>n pm urn 
Ciy — C5U — HiU 


1 1 n o 

iiy.s 


pi£ pii pn 
Cio — C 5 1 — C 51 


1 1 O 1 fi\ 

115.1 (i) 


Pl<r P11 PI 

C 5 b — Co 1 — C 5 


in i n\ 
lii.i (i) 


PT> PT 1 PI 

C Ji — C i 1 — Cj 


1 1 o c 

116.5 (i) 


pn pn pi 1 
CJ J — CJi — CJ 1 


111 a n\ 
lil.4 (i) 


pn pn un 
Cjj — C5i — HJi 


1 1 n i 

ny.i 


pi 1 pn un 
C i 1 — C Ji — Hii 


1 1 n i 

ny.i 


pn pn pn 
CJ4 — Cii — Cii 


iiy.o (i) 


pn pn un 
C34 — CJJ — Hii 


1 in i 
liU.i 


pn pn un 
Cii — Cii — Hii 


1 in i 
liU.i 


pn pn pic 
Cii — Ci4 — CiJ 


1 in i /i \ 
liU.i (i) 


pn pn un 
Cii — Ci4 — Hi4 


ny.y 


pi? pn un 
CiD — Ci4 — Hi4 


1 1 n n 

i iy.y 


C34— C35— C36 


120.2 (3) 


C34— C35— H35 


119.9 


C36 — C35 — H35 


119.9 


C31 — C36 — C35 


120.4 (3) 


C31 — C36 — H36 


119.8 


C35 — C36 — H36 


119.8 


PO PI P 1 1 PIO 

Co — Ci — C 1 i — C 1 5 


loj.y \i) 


PIO pn P1/1 pi; 

C18 — Cii — C14 — C15 


A 1 /CA 

-0.1 (5) 


C2— CI 3— CI 4— C15 


-177.2 (3 


C13— C14— C15— C16 


-0.4 (6) 


C14— C15— C16— C17 


0.5 (7) 


C15— C16— C17— C18 


-0.2 (6) 


C16— C17— C18— C13 


-0.2 (5) 
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p/; M"1 P1 n i 
Co — JN 1 — C2 — C 1 3 


*7A (i \ 

/y.o (3) 


Ml mi pi po 

JN2 — JN 1 — C2 — Co 


LZy.D (3) 


p/: \ti pi po 
Co — JN 1 — C2 Co 


— 4s.Z (3) 


r^c M/i r^i r^i 1 
CD — JN4 — C3 — C3 1 


—l /O.Z (Z ) 


PC M/1 PI PO 

CD — JN4 — C3 — Co 


57.7 (3) 


pi M/i pc 

C3 — JN4 — CD — C2D 


1 1 l.y {Z ) 


r^i M/i r^c r^"7 
C3 — JN4 — CD — C / 


— ol .5 (3 J 


\n \T i p/; pin 

JN2 — JN 1 — Co — ciy 


yi.7 (3) 


pi mi p/; pin 
C2 — JN 1 — Co — C 1 y 


-55.5 (3) 


Ml Ml P/; P"7 

JN2 — JN 1 — Co — C / 


—13 /. / (3) 


n M1 p/; p-7 

C2 — JN 1 — Co — C / 


39.8 (3) 


Ml p/; P"7 rn 

jn i — Co — c / — cy 


— 42. U (3) 


pin p/; P"7 PO 

c i y — Co — c / — cy 


53. V (3) 


Mi p/; P"7 PC 

JN 1 — Co — C / — CD 


/O. / (3) 


pio p/; n pc 
C 1 y — Co — C / — CD 


-1!) / .4 (Z) 


M/1 PC P"7 po 

JN4 — cd — c / — cy 


o3.Z (3) 


ptc pc n po 

czd — cd — c / — cy 


-1 / I. / (z) 


M/1 PC P"7 p/; 

JN4 CD — C / — Co 


£A £ /"3\ 
— oU.O (3) 


pic pc p~7 p/; 
C2D — CD — C / — Co 


o4.o (3) 


Ml PI PO PO 

jn i — Cz — Co — cy 


JO. 5 (3) 


P11 PO PO PO 

c i i — Cz — Co — cy 


^n 1 *"3\ 
— OV. 1 (3) 


Ml pi PQ pi 

JN 1 — Cz — Co — C3 


— o3.y (3 j 


pi i pn po pi 

C 1 3 — Cz — Co — ti 


1 /U.l (Z J 


M/1 PI PO PO. 

jn a — el — Co — cy 


-55.1 (3) 


pi 1 pi PO PO 

C3 i — C3 — Co — cy 


1 /5. / (Z) 


M/i pi po n 
JN4 C3 — Co — Cz 


OO. U (3) 


pi 1 pi PO PI 

C3 1 — CI — Co — Cz 


^A 1 /"I \ 

— oU.3 (3) 


p/; p"7 po pvi 

Co — c / — cy — u i 


— lZV.3 (3) 


PC P"7 PO PM 

cd — c / — cy — u i 


1U5.U (3) 


p/; p~7 po po 

Co — c / — cy — Co 


57.3 (3) 


PC P"7 PO PO 

cd — c / — cy — Co 


/:c a /"3\ 
-6D.3 (i) 


pi po po ni 

cz — co — cy — u i 


1 T» O /"3\ 

IzZ.O (i) 


PI PO PO P»1 

C3 — Co — cy — o i 


111 

-111.6 (3) 


C2— C8— C9— C7 


-63.8 (3) 


C3— C8— C9— C7 


61.8 (3) 


Nl— C2— CI 3— C14 


-143.8 (3) 


C8— C2— CI 3— C14 


-19.1 (4) 


Nl— C2— CI 3— C18 


39.2 (3) 



pi/1 pii pio pn 
C14 — C13 — Clo — CI / 


A A fC\ 

0.4 (5) 


PT P 1 1 PIO P 1 "7 

Cz — C 1 3 — C 1 0 — C 1 / 


1 / /.0 (3) 


mi p/; pio pin 
JN 1 — C6 — Ciy — CzU 


A A O (1\ 

yy.5 (3) 


p~7 p/; pio pin 
C / — C6 — C 1 y — CzU 


— Z j.3 (4) 


mi p/: pio ni 
JN 1 — C6 — Ciy — Cz4 


*7A A S1\ 

-/y.u (3) 


P"7 P/; PIO PT/1 

C / — C6 — C 1 y — Cz4 


1 j j. / (3 J 


pi/1 pio pin pn 
Cz4 — C 1 y — CzU — Cz 1 


0.2 (5) 


r*t. pin pin r^n 

C6 — c i y — czu — cz i 


— 1 /5.0 (3 ) 


pin pin pn pn 
C 1 y — CzU — Cz 1 — Czz 


-1.6 (6) 


pin pii pii pn 
CzU — Cz 1 — Czz — Cz3 


1.9 (6) 


pn pii pn pi/i 
Cz 1 — Czz — Cz3 — Cz4 


A 1 (£\ 

-0.7 (6) 


P11 pni pi/i pin 
Czz — Cz3 — Cz4 — C 1 y 


-0.7 (5) 


pin pin pi/i pn 
CzU — C 1 y — Cz4 — Cz3 


A A 

0.9 (5) 


p/: pin pi/i pn 
C6 — C 1 y — Cz4 Cz3 


1 *7A 0 /"2 \ 
1 /y.5 (3) 


M/i pc pic pm 
JN4 — CD — CzD — C3U 


Z3.U (3) 


p"7 pc pic pm 
C / — CD — CzD — C3U 


A A O 

— yy.o (3) 


M/i pc pic pi/; 
JN4 — CD — CzD — Cz6 


— 1 JO.J (z) 


p~7 pc pic pi/; 
C / — CD — CzD — Cz6 


OA *7 

5U. / (3) 


pin pic pi/: pi"7 
C3U — CzD — Cz6 — Cz / 


-U.o (4) 


pc pic pi/; pn 
CD — CzD — Cz6 — Cz / 


1 TO A /I \ 
1 /O.y (3) 


pic pi/; pn pio 
CzD — Czo — Cz / — Czo 


A A /'O 

-o.y (5) 


pi/; pi"7 pio pin 
Cz6 — Cz / — Czo — czy 


1.1 (5) 


r^i"7 r^io r^io r^m 
Cz / — Czo — Czy — C3U 


0.3 (4) 


pi/: pic pm pin 
Cz6 — CzD — C3U — Czy 


2.0 (4) 


pc pic pm pin 
CD — CzD — C3U — Czy 


—1 / /.J (Z) 


pio pin pm pic 
Czo — Czy — C3U — CzD 


-1.8 (4) 


M/1 PI PII pT/ 

JN4 — C3 — C3 1 — C36 


-27.2 (4) 


PO PI PI 1 pi/ 

Co — C3 — C3 1 — C36 


A*7 *7 

97.7 (3) 


M/1 PI PII PII 

JN4 — C3 — C3 1 — C32 


Iff f /T\ 

IjJ.J (z) 


PO PI PI 1 pn 

Co — C3 — C3 1 — C3z 


*7A C /QA 

-79.5 (3) 


pi/ pi 1 pn pn 
C36 — C31 — C32 — C33 


-1.2 (4) 


pi pi 1 pn pn 
C3 — C3 1 — C32 — C33 


1 /o.Z (3) 


pii pn pn pi a 

C3 1 — C32 — C33 — C34 


1.2 (5) 


C32— C33— C34— C35 


-0.5 (5) 


C33— C34— C35— C36 


-0.2 (5) 


C32— C31— C36— C35 


0.5 (4) 


C3— C31— C36— C35 


-176.8(3) 


C34— C35— C36— C31 


0.2 (5) 



Hydrogen-bond geometry (A, °) 

Cgl is the centroid of the C31-C36 benzene ring. 



D—H-A D — H 

C18— H18-03 0.93 

C20— H20-O1 0.93 

C24— H24-02 0.93 

C36— H36-03 0.93 

C17— H17-01' 0.93 



R-A D-A D—H-A 

2.94 3.607 (1) 130 

2.79 3.622 (4) 150 
2.64 3.276 (5) 126 

2.80 3.415 (9) 125 
2.66 3.311 (4) 128 



sup-8 



supplementary materials 



C22— H22-01" 0.93 2.74 3.579 (5) 150 

C32— H32-02 m 0.93 2.43 3.127 (6) 132 

C34— H34-03 iv 0.93 2.24 2.878 (1) 125 

C29— H29-Cgl v 0.93 2.87 3.677 146 

Symmetry codes: (i) x,y-\,z; (ii) -x,y-\ll, -z+1/2; (iii) x, -y+3/2, z+1/2; (iv) -x+1, -y+l, -z+1; (v)x, -y+lll, z-3/2. 
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